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Abstract 
Pipeline transport of gas has several advantages and is also an attractive approach for CO2 transport from the existing 
experience. The transport cost is a key index for people to make decisions on the selection of transport means of CO2. 
However, the pipeline transport cost is obviously market sensitive and the existing cost models in USA, EU, etc. 
t be directly used in the cost evaluations in China. A localized assessment methodology for onshore pipeline 
transport cost is valuable. This paper developed a new cost estimate methodology for onshore pipeline transport of 
CO2 
amount 1.46Mt/y CO2, the transport costs are respectively 47.0 and 68.5 RMB/t. A comparison with existing  
research work in China  was conducted , which showed  the  validity of  the methodology presented. 
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Introduction 
There are several means to transport CO2 from the sources to the storage sites. Pipeline is an attractive 
approach for CO2 transport especially for large onshore storage projects from the experience in oil & gas 
industry and the existing CO2 pipelines in USA. One of the advantages of pipeline transport is that it can 
deliver a constant and steady supply of CO2 without the need for temporary storage along a transmission 
route [1]. Pipeline transport technology is mature and quite adaptable to different working conditions 
(transport conditions). More importantly, it has the cost advantage over other means. For example, IPCC 
concluded in 2005 that the tank truck and rail options cost more than twice as much as a pipeline [2]. 
However, the pipeline transport cost is obviously market sensitive because different nations or regions 
                                                          
* Corresponding author. Tel.: 86-027-87197688; fax: 86-027-87198967. 
E-mail address: bai_bing2@126.com 
Available online at www.sciencedirect.com
  The Authors. Published by Elsevier Ltd.
tion and/or pe r-review under responsibility of GHGT
7634   Bing Bai et al. /  Energy Procedia  37 ( 2013 )  7633 – 7638 
may have different price levels of cost components. A localized assessment methodology for pipeline 
transport cost is valuable for decision makers. 
   Many researchers or institutions have conducted the pipeline transport cost studies or evaluations. 
Some assessment methodologies have been developed and presented. Joana Serpa etc. recently gave a 
comprehensive review on these methods [1]. McCoy s work and the MIT s evaluation method represent 
the recent famous cost studies [3-4]. The methodologies of these models can be learnt for reference, yet 
they can t be directly used in China. This is because the cost equations in these methods were formulated 
based on the cost data of natural gas pipelines which represent the cost experiences in American other 
than China. A recent cost analysis on pipeline transport in China was conducted by Gao & Fang etc.[5]. 
They developed a new cost model for onshore pipeline which mainly involves total capital cost, annual 
O&M cost and levelized cost. In their model, the cost of pipes was gotten by the product of weight of steel 
pipe and the price of pipeline steel from China Baoshan Iron and Steel Group Co., Ltd. This is a good step 
toward China s cost model. However, this product  is only the cost of the steel other than the pipe. The 
former is only part of the latter. 
This paper aims to improve this model to form a new cost estimate methodology for CO2 pipeline 
transport which can reflect the price level of pipe in China s market. 
Methodology 
The cost methodology to be presented also contains two parts, the first is the transport system design 
by referencing the existing studies [1,3,4-5], the second is the cost components and their localized prices. 
A detailed cost components are listed in table 1. Table 1 also presents the specific determination methods 
for all cost components. Item (a), pipe capital cost, will be determined using the design-price model to be 
given in detail later. The cost percentage of onshore valve stations will be determined using the design 
code of natural gas pipeline in [6]. Installation cost (c) is determined using experience from [6] and [7]. 
Cost of Right of Way is gotten based on reference [8]. Annual onshore O&M cost is based on the 
experience formulas in [9]. The annual capital cost is calculated based on the IPCC special report [2]. One 
more thing should be noted that the booster station is not listed explicitly, but when the transport distance 
is longer than 200km the cost of booster station will be evaluated and added.  
Table 1. Cost component of CO2 pipeline (onshore)   
(1)  
Pipeline construction cost 
(2) 
Annual O&M cost 
(3)  
Annual Capital Cost 
(a) (b) (c) (d) (e) \ \ 
*1 30%  of (a) 
50% 
of (a) *2 
10%*[(a)
+(b)+(c)] Battle method[9] 15% of (1)/service years 
(a)   Pipe capital cost (b) valve stations (c) Installation cost  (d) Cost of Right of Way  
(e)  Other construction cost ,*1: Determined using the methodology in this paper  
*2: Determined by referencing  [8]. 
Pipe capital cost (1)-(a) is the main part of the total transport cost. What makes our methodology 
unique is the update to this cost.  As already mentioned in the introduction, in Gao and Fang s work[5], 
the cost of pipes was gotten by the product of weight of steel pipe and the price of pipeline steel. 
However, the cost of steel is not equal to that of pipe. In fact, the former is less than the latter. On the 
other hand, since the diameter and pipe wall thickness can be gotten through the design calculations, the 
specific types of pipe and their corresponding prices can be determined by inquiring the pipe producers 
or the budget norm [10]. Combing the prices and the consumption amounts of pipes will give a more 
practical pipe capital cost which can reflect the price level of pipe in China s market.  
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To summarize the above and calculate the unit transport cost, a detailed calculation process is listed 
below: 
Step 1. Diameter calculation of pipe 
There many diameter calculation methods, in this paper, a frequently used formula was selected as 
following [11] 
1
52 2 2 2
2 2 2 2 2
2 1 2 1
- 64
2
ave ave F m
ave ave ave
Z RT f Q L
D
MZ RT p p gP M h h
   (1) 
Where 
Qm:CO2 mass  flow rate (kg/d) ; Tave: Average Temperature ( ) 
           P1:CO2 inlet pressure (MPa) ; P2:CO2 outlet pressure (MPa) 
          h1:Elevation at inlet(m); h2:Elevation at outlet (m) ;L: Pipe line length (Km) 
          Pave:Average pressure (MPa);  Zave:Compression coefficient corresponding to Pave 
         R:universal gas constant (J/(mol*K); M:Molar  mass of CO2(g/mol); f:Friction factor. 
In this research, the elevation difference is ignored according to [6] as it is far less than 200m. 
Step 2. Pipe wall thickness calculation [12]  
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Step 3.  Determine the pipe type and price 
When the diameter and wall thickness of pipe are calculated, the pipe capital cost will not be 
calculated by the steel consumption and the price of steel as [5] did but by designing the pipe type 
through consulting the pipe suppliers and inquiring the price or the budget norm in China and 
Guangdong province. The existing project usually adopted carbon steel pipe, here it is also our choice.     
Step 4.  Calculate the pipe capital cost 
The pipe capital cost = pipeline length of transport scenarioέthe price of pipe type selected 
Step 5.  Calculate other cost components in table 1. 
Step 6. Calculate the unit transport cost. 
We assume that the life time of the pipeline system is 25 years, when all the cost components of CO2 
pipeline are determined, the following formula is used to calculate the unit transport costs of CO2: 
Unit transport cost = (pipeline construction cost/service years + annual O&M cost + annual capital 
cost)/annual CO2 transported/pipeline length. 
Cost estimate examples 
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We will give the verification example for the methodology presented. The scenario example is assumed 
to take place in Guangdong province. We collected all together 132 large point sources which are defined 
as those have more than 0.1 Mt CO2 emissions each year in Guangdong province. These sources are from 
eight types of industries namely power Plant, cement, Steel & Iron, refineries, ammonia, Ethylene, 
Hydrogen and Ethylene Oxide. As emission scale is a most important index for choosing source, Fig.1 
shows the scale distribution of these 8-type stationary emission sources.  
 
 
Fig.1   Industrial distribution of 8-type stationary and large emission sources 
 in Guangdong  province (2008) 
Two pipeline routes are respectively W-W1 and M-M1. However, the pipeline route selection is 
really a subjective thing. It is believed by the authors that practical routes should go along the highways, 
which may bring good convenience. So the two routes are both designed along the highways nearby. 
The information of these highways can be accessible conveniently from Google Earth which will be 
used as our working platform (Fig.2). The distances, transported amount per year and the basic pipe 
calculation parameters, listed in tables 2-3, are the same as that of [5]. This is done to make our results 
more comparable with theirs. The cost assessment results are listed in Table 3.  Routes W-W1 and M-
M1 respectively have the costs of 47.00 and 68.5 RMB/t CO2. The cost of route M-M1 is higher than 
that of route W-W1 mainly because of difference of Cost of Right of Way. The costs of these two routes 
are a little higher than that from Gao & Fang s  methodology,43.13 RMB/t CO2. The average of the two 
cost results is 57.80 RMB/t CO2, which is quite close to the cost value, 52.52 RMB/t CO2 which is the 
cost value gotten using the MIT model by Gao & Fang [5] .  
Table  2  Pipe calculation parameters 
Item P1(MPa) P2(MPa) Pave(MPa) Zave Tave( ) 
Value 15.2 10.3 12.9 0.273 14.0 
Item f h2-h1 (m) Distance(km) Transported amount (Mt CO2/a) 
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Value 0.01 0.0 300 1.46 
 
 
Fig. 2 Two transport routes for verification example 
 
 
Item W-W1 Route M-M1 Route 
Inner Diameter (mm) 282.50 282.50 
Pipe wall thickness (mm) 7.40 7.40 
Pipe capital cost (Million RMB) 162.80 162.80 
valve stations (Million RMB) 48.84 48.84 
Installation cost (Million RMB) 81.40 81.40 
Cost of Right of Way (Million RMB) 702.00 1170.00 
Other construction cost (Million RMB) 29.30 29.30 
Annual Capital Cost (Million RMB) 153.65 223.85 
Annual O&M cost (Million RMB) 21.51 31.33 
Transport cost (RMB/t CO2) 47.00 68.50 
Conclusions 
Table  3  Transport  cost result 
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An improved cost estimate methodology for onshore pipeline transport of CO2 was developed. Then the 
detailed calculation steps for unit transport cost were presented. This new methodology updates Gao & 
Fang s cost model by replacing the cost of steel with the cost of pipe which is the main part of the total 
pipeline construction cost. As most of the cost components are gotten based on the price or experience of 
China, the methodology in principle is more suitable to evaluate pipeline transport cost of CO2 in China. 
A verification example of two transport routes  with similar conditions as Gao & Fang s original case 
study [5] was conducted. Our costs of the two routes are little higher than that from Gao & Fang s  
methodology. But the average of the two cost results is quite close to the cost value gotten using the MIT 
model. Although, strictly speaking, our verification example is a little different from the original case 
setting in Gao & Fang s work, for example, the regional difference of cost of Right of Way was 
considered in our calculations, yet the comparison is still meaningful and can roughly show the validity of 
our cost estimate methodology.  
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